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Develop1nent of Liquid-Filled 1-ype Cross-Linked 

Polyethylene Cable: 
T. IL\YA\ll 

Abstract-Cross-linked polyethylene is now being used for cables 
of higher and higher voltage. However, cross-linked polyethylene 
cables must have a considerable thickness of insulati<>n, and efforts 
have been made to reduce it as far as possible. Research to attain 
furtht'T improvement in this respect has led to success in the develop• 
ment of a oew type of power cable. This new type of cable is made 
by extruding cross-linked polyethylene over a stranded or hollow 
conductor and has a specially selected liquid between rhe con
ductor and the insulation at all times. It is a cable having an excel
lent voltage stability. In this report are mentioned various funda
mental data obtained in the course of the development of such a 
liquid-filled type cross-linked polyethylene cable and the charac
teristics of this cable. 

IN RECE?\T tinws rubl:,•1·• and pla.-;tii:-iu~t_ibtt'fl <·:1.bl,·~ l1a1·c 
1•om(• to he much u;;f>t! 11ir power tran;;rn1s,,c1on fl J-[.$). 

:\m11ng; tht> n,:it{·rial:- used for po11·cr nablPs, clwinic:illy t·I'<•-"·"· • 
link(~! polydhylcnc rct:tins {'Xccllcnt el1:ctrica! propnt i<·~ oC. 
polyt>l hylcnc and is yet superior to polyethylene with rc.-;p,.t·t t~, 
rt'<'-i;;ta H(,e t{l lwat and re.-;istm1N: t1, ;,tress tmcking. Cablt-:; -wid1 
stl!'h 1:ros.-.-linkc>d polyrth .d1•ne insulation haw· ('.(HJte to lw 1t~1~i 

rt'<·•:ntly for up to i7 kV in hpat1. 
Cro~s-linked poly<'thylenr cal,lf's have no pro~,lem for us1~s at 

01·1.li11ary high voltaic,-. HowPYcr, they are nnt so good it, n:,;i,
iar1ce to corona wlwn elt-ct.rie:d str1-,,;; i" l1igh. Various irnpr0\'('-
11 1t'll l;,; have IJ{,rn 1foviscd t.n ,nJq• i.his problem. For 1•xamplc, 1h1· 

thl'E>~· layer cxtru;;ion (inl!N srmico11d11ctin' la.v(•r, in;,11latio1, 
11-tyrr, 1,nd outer s«'micondtw1 iv1• layer) by a tan,k•m J1ri1('('"'" 1·an 

brin~ about a long lifr of 1 lw <•a.bl<' [4 ]. 
Thi,- method i" now a<:1 ually <'mpJ.1yc<l iu the nHurnf:td11re nf 

extrn-high-voltr~g1• 1·ahk,;;. Hnwev<•·t, it is our d1•i;ire to man11-
fact11n• rn,m'. ,;tab!<~ 1wrforr11ance cables which can tol1•raH· 
higlwr working :,.t.re,,.-. nnd higher voltage. 

Varinu~ rr,;,;ean'h l11i to i:'Hccf,:,~ in 1kv£,k,pi11g a. liip1id-filkd 
tyiw er(>R..,.link,~l polyethyh·tw c:,hl1• which j,- :1 1ww powPr cahl" 
with alt P\1·dlrnt \·oltaµ;P -;t:ihility obt.ailled by con,-t:mtl)· 
providing a _.:;p1•eial liquid lwtw,~11 the enmhwtor and ( "" in
"uhti,,n of ['ro,s-linhd p,Jlyl't h~·l('!if• cahk·. Fil,(. 1 ,how,- 1.i(i-k ,. 
]1)()-rnmz liquid-filled t.ypP ('f(),<~-link<'d po!yl't.hylene c:.hk. 

T!w ~tudy of the eon,hin:ition of polyeth,dnw ur nos--linki~:t 
poly,,thylen!' tmd liquid;; has rr-ve:dt><l thnt hrw,kdown Y11lt:tg(', 

rc,-is ta11ee to t'(}rona, and n•si:,1,rncf· t .. > t n,<,ing an' t"!'markahl~· 
improved as rnmparr~l with th1-,.;(• material;; witlH,11! a liquid . 
Abm1t 20 liquids in total, ,,tiid1 may br di\·id(>ii i11t<• flw c·ight 

Pap1'r ti\l TP !)15 .. }'WH , tf>f•omm<:n<l,·d ,rn<l !1ppro,·CT!by the ln~11-
latet.l Conductors Commit It.~• ,_,f the IEEE Pown <3roop for pre;;.,nt,1-
1 ion al the l EEE \\'itit,•r P,;wer :\lt01:ling, ?\ew York, ;'<. Y ., Jauuary 
26<{1, l!l6H. l-lanul'eript suhmin~ ~-pt.ember 17, l!if,~; m1Hl1.· 
avs.ilable for printing l>t'f'.<•tnb<>r 4, !nus. 

The ,rnthor is with f'.nmitomo Eler,\ric lt,dn~triP,-, Ltd ., Osaka, 
Japnn. 
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Fig. 1. Liqnid-fill,·d t~·1w ,·ro.,s-linkc'tl polyeth~·l,•1H.1 (•1Jhle. 

r·;,tegorie;; of ll':l11 ·1 _ "' <>111:,11t · or aliphati,· in,ul:,t.ing oils in f!;eli
t·rnl, vegetable- oils , ,,,,1(-rs. kPio11:<, hn]ll!!,Pliat,·d hydror.11rhons, 
akohols, an<l si lif'o11f• oil, 11·c·r1• tried. 

It hrn; ht'('ll fo11ud thisl all of th(• liquids , \\ ith th<' <•X(·eption 
only of w:tter, 1,ri,,g abou1 an irnpro1·('m(•ll! a,-. (·ornparnl with 
iusulntinis rn:t11'ri:;l, witltou1 thP liq11id, although th<' degree 
.,f eff<'ctive11(,,5 \'11rit·~ dc·pendinj! on thl' type of liquid u~d. 
.-\s a liquid p111 lwl\H'('ll tlw <'01Hlur·tor and thf, in,11lnti(J1t of $Heh 

:, rable, silirone oil wa, fonnrl tn fl"""""" thr· ff!(J!<t ;aa1isfoct<,ry 
propcr1i<'.<: for practi,·:,l p11q,o;,ps arnoHg various liquids tric<l . 
;-;ilinmc oil 11;-('(I in t!w 1·x1wrinwnt.s and 1•ahles rncntinnc<l in this 
paper is metl,:d ,ili,·o,w .,jl ha\'inl( 1h(• fnllowinj.! rm,~t.it.ution.-.1 
fonnulu . Fnlr~,- Plhrrwi,p ~p,·<·ific,I. :i pr,,dnr-t ha1- ing a Yis<·oi:i ty 
of Ill rrnti"'trnk(•~ ( j_;• .. ;-;hinr·ts11 KF-Ufi-10 <•s\ wa~ ll~'(l; 

HJfrrt of 1.iquid "" S,,rf{lr(, uf f 11.~11lati11(! .l!tttervil 

TE's ts nf didrctri,· ~tn•111-,'1h of polyethrl1·1w al!d otl1cr ins11li,t
i11g m.,1-f'rinl;; itr<• J.(Cn('r.;Jly c:1 rri1~1 0111 i11 c,il with ~he('t-fonn 
s;itupl<'s. In the ,·.ise of pla~tic c:dill' , how(•\'t'T, the i11"-lllation i;, in 
,·1,11t:1<'t dir<·d h · with the Nn,rluetor or- ri :-<'1ni('onrl11c1in• byer i ) f a 

pl:t,tie. 1n \·jp~1 <1f t.Jii,.:. n~ a rnr1<ld t;•~t, poly1·th.dene tilm!- were 
a,wd I,() find thP diffen•11( 'f· 1·;;11.;;(,d l,y th!· JH'•'~Pnu· of i1 liquid . 

For th<• <>xperi11wn1, hn•akdown it"-'h in air ,w•r(• rn111i1• on ti 

low-den~ity polyl'thyl1·0<· fil111 of IJ _l•rnm thi.,km.,.,, plttcc-<I b0-
twf>Nl nwt:dli,• dedm1k, of GO mm in diamt>l<.·r, corn('Hring the 



re~ults nbtairwd with s1lirnlll' oil :tpplinl t,1 th,· .,nrfan• uf th,· 
p,,lyet:hyJ.,11,• ,rnd !ht> n·sulb oht:1i11i,J wil h()11t ,11,· h ,ilirn1 :(• oi l. 
The n •sults wit h a ,:.nutll scr:1lrh on th,· ,urfan, uf thP poly
Pthyk•ne :-111d the rt'slilts without s11ch :, sc rntd1 \\'!'rt' al"i i:-mH

p:1n•d. The n--;lllt, ohtai,wd ,in· shown in Fig. 2. 
Th,'='t' n.,.11lt,; show that the hn· :1 kd1\\1·n 1·olca~P is hidwr 

when :-ilicolH' uil is pn·s,•nt ,m tl1e i11tNfa,t This dTt•<·t ;, n~ 

rnarkahl(•. ,.,., .. •ci:illy whPr,' tlwre is a f!:111· 011 th,• ,urfa,•t• o( tlw 
polyethylt•n,• , :--irH't' sudi an ('/fret i~ nb.-en·p,t with ,i!i,'ol!P ,,ii 
which i, :dmo~t 11Pn·r ahsorht~l by puly,•1 hy l<•1w , it i,- ,·011,idn,~l 
to be "" iut,•rf:u·ial dT,·ct.. \Yatt'r h,1:, n<", s 11,·h ,·ffr<'f , t lw 1·aluc 

1,,•iu!( almost the ,-;;111a~ as whl'n there is"" l iquid . Otht·r li'luid,; 
h,~n• an ,•ff,• ,: t , i1111lar to that uf ~ilil'olit:• oil. 

r.'jfut of l..i'q11id on Coro1w-St11r /1:1tg \ ' o//11yt · mu! 
\'ollage -Tim e Clutr(Tc/eri~~tic 

Tia~ pn',;,•nt·,.• of :1 lbw or \'oid 011 tlu.• s11rf:1<T o( pulyt-tli_l'!cn,· 
lnwt·r~ it ., hre,tkdow1t voltag;i:'. Tlw pri11,·ip:il <'alt:se for du" i,
•·nrona di~<·harg(• in that part. It ha.~ bt'<'ll .•l1<11\·n in tlii., <'Ollllt><'
tio11 tha t th,· ,·omnu-::1tarti11g voltage l)pc•o11w,: hit.;lil'f and the 
1 olt:lgt.· 1i111t• ,·h:ir:td,•n.,tic improw;; if .,udi :1 flaw i,c fillt-d 1, ith 
,; iliconp o il. For 1lw e:qwrirnent , a 11,·,,ll1~~hap1,I 1·oid , :2 n,n1 in 

dt·pth :111d :, hr,u t ;~) mil'rons itL tip di :u1wtN \\·;;,; 111ad,· 11t th,• 
l't•lltl'r 01· :, l,1w-<.lt•11,it.~· pol,v.-tli,vl<•Jlt' sll('(•t ,,r ;~ n1n1 tl,irkll<"'-- . :~, 
..; hown i11 Fi,4. ;l, Coron:1-~tarting volrng,· ,wd 1·oltagl' 1imP 
,·liar,11'!,·ri , ti,· w,•n• i111·P.,tigat,'<I hv plac· i111{ .•u .-11 :1 °hPl't 1,PtWf'('ll 
nwt:dli t ,·l, ·.-tro.!,•s . 

( 'r,nq,:1ri,nn w:i, madi, lwtwPt'll tlH• n•s1.il1.., oht:tirwd with and 
withn11t ,iii,•one ,,ii Ill tlw \'!)id. Tht' n•,;1,lt,; :If<' shown in Fi_u;, :r 
1,·!11,·h ,hc,11·, t.h:tt tht· prP"PIH'f' of sili,·,mt' ,,ii in tlw n,id rnis1•,; 
cor<>na-.,tarl ill!,( volta!-(P and makt·s th,• 1·olt;1gp t i1,w char:u·

t <'ri,t il ' l'lll'\' t' flat , 
Long- 1,.•mt l'Oi1:1g;,• .. tin1<• charact,•ri,ti 1: t,•.<h \\'Pre also ni:,de 

with the 11.-,. of p1Jlyt'thylt>1w tube~. The ,p,:·einwus eo11si,; tl•tl (If 
low-d, ·n, it .,· p11ly,·thyl1•11P 111b(•,; of rim:•· diffPn·nt. tl,i, ·kJl(•,,-1 ·- , 
i11tv 1,·hi..!1 ., trn11de.J ,:opJH'r \\'in•.; s i1111tl :iti 11!-( c:1hl1.,_ ,,·,•r,• i11.-ntHI. 

Th,· 1·nlt:1!.(< ' time <'11:tr:,,•!(•ri,ti,•-. .. r "l'''''il11f'IIS J>ft•p:tft'(l h\' 
:q1pl,·i11g- " ,·,11,d ,1<·' !\'<' ,·oating: 111:it.-ria l to till' i1h11f.> of 1 lw piJ,., 
a11d ll\· ti ll ing: ti:1 ' t11h1· with ,ili('(,flt' "i i, n•sph'ti1,•h·, 111•n· 

in1·,·.,ti:.::tt1·d by IHllh charg:iH!.( in :tir ,1111 I ..l1argi11g 111 11:.tn, 

:.lld ti!(' n ·snlt, 1·n11, pan'd. Thes<' n•,ult~ :tn• .-.h,,wn in Fig:. -L 

:-i111• (• t.hi.- ,: .xpcri11ll.'III h:1,- l1<'l ·n 11ndnw,._1· :dr,·:1d:I' f11r :tll.,lll 

I:! 000 liu111--; , it lia., h,•t'll -hnwn that. wh,•r,· I 111· .,p,-,·i1111·11 Is 

tilled with :1 .,ilicor><· oil, tr11· V()lta11;,•· ti1rn · ,·har:H·t, ··ri,;t i,· l ,<•1 •011w,
R::tt at a hi_.r;lwr 1·:1liw ll(lth i11 air and in wat!•r. 

Th<"''-' rr-.;11Jh .,r,· urr,~I hr•f'allst· th, • liquid tilli11~ tlH· ,· ,; id pr<·· 
n·11tPd th:.t p1i r1 frn 111 g,•1 wra1i1,;.: ""r<111a :ind prn lor;tr<'d t lw lif,· 
<)! tiH' i11, 1t! :11 ;n11 . 

. \, n u·n f 1n1: 1·d pre;. ioll>I~:, tiH· prr·,••t11·i• t ,t' :t !i, pnd lwt Wt 01·r, dH· 

P!,.t ·trod,· :tr id thr- fH1ly·f•th~·h·tw j1ff' \ 'PllL' 1·nn1 na :ind itupri•'·- t•-""' 

tlu• hn·:tkdt,\\ll pr1 1p-t~tly . . \ q11t·:~d in1 1 ni,w ::::· i• -.. :t-..: to wh:tt illl' 

n ··:"' !tlt .-.:. wd i h,· 1f dH· ni~ tH·ri:d i:-,; _-.;1:(1j, ·• ·r,,i t i!, ·- : ~,n:1 \\ !t h ; t !iq:i 1d 
1w tWl't'll •ii ,:, ,.,,., .,r,Mlf' :i 11d J1•1lv,•1hvl1•1;,• , I r; ,·01 ,tw,· t r,;i r \\•II, 
th i:-- q i; . 

'.\ j { Ii 
, , 11 , t h, , .. ,q,.-•r :rlll' llt d1·, ,·ri lwd J.,, J,,\\ ,, ,, , •·:i 1n ,.d " ,, 

. ..... .: h,n, -i g: tlu t rl i1• p 1v:-:(•l b ' '' nf ::, 111 1d \\ ! ... r-ff ,-1< ;\ !' 

·rh(: P\jwt·1: ~:1 1 f1t \\:t." r:::1dt• '\...: ...:'.!OWi : 

:;:, , ;;r,,\·:d ,-. i IH•iw,>t• H thf• n}1:t-r·ffrtn ..: t :i 

,;!;,, ' .,, ,} ·,; · 

" 

r 

Fii,;. !. EITe.-t uf surfa<·e eonuition .,f pnl_,·;,rh\'l,•1,e tilm 
011 1· le,·1ri n\ l ,tr,.•11 11;r h . 

-~, 

1· 

T 
l 

_i ~ J . 
r- ., ~ -..... -- . 
~-- - -.J 

--......... _._. -'--"-"---'--'--'--

I · 

F i~. :>, \'nlt:q.!;P· 1i111e 1'11rvt•. ,,f :-dwt~I with 
,,.,.,,1J,. .,h,qu,I v.,id . 
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{If rP:--.1.-..t:tt11't' tu t·oturi;t. \\'l1t~n~ l ht'· \'i.-q•o:-:ity 1~ hig:11. It- 1~ ttot 
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n•.-1,t:il"''' ,, ,·n11,ul1•r,•d '" l1t• 1hal tl,1• ,tli.-ulH' oil !low, ",.,.r liH· 
,11n·,w., :rnd lllak,·, it dillicult f«r pit:.:, ,,iilf'h cau,1· i>rf'akdt1w11,, 
10 Take plan· 011 t J,., ,urla1'<'. TP,t, w1•n· 1nad1• al,., wit It ot lwr 
liqllid,. l,111 lllllil' of titl'lll \\a,; it111t1d lo he a, v!Ti•,·1i1·,, :h stll1'oll<' 
.,jl. :--uw,· ,,tlwr uib ,!., 1101 ltav<' ,1, hii.!:h :t lioiling: poin1 a- ,ili,· .. 11<' 
11tl, tlwY 1·1,q,1>rat,• wl1t'll ,1tl,jt·1•ft'd tn ,·,1r,,i,a and j,,,,. tlw pff,,,·t 
111 :, liq11id :ip11itP<I t,, tllP .,urf:1,-, .. 

FJfrct of /,ir111id on Htsi.,/1111,·, lo Tnei11y 

'1'l11• dkct of tit,, pr,·-,·m•(• of a l11p11d 11:,, lll\'<'-tig:akd h~· tn·e-
11,g:-n·.,i,t:111<·1• 1,,,1,. l·\,r thi, <'\:peri11H'tii. ,,,mplt•, Wt•n· prcpan·d 
h\· pl,1<· 111u: :1 -h:i rp-<'<h.:,,.J ,,•1u11·011d1wl t\'P ,lwl'l or :l nwt :ti 
n•·•·dk I H'l \\<'1·1, 11," l111\·-d1·llsit.v I 111!_,·,·t!i,·k1w ,l11•1'h a,; a!l 

PIP,·trode :i11d J1n·.--i11/! tlw s!wct., togdlwr, a, ,ltnwn in Fi~, 6 .. \ 
\(lit:,µ.,· wa, :ippl1e,I lwl11·,,,,11 tlw 1•l1·,·tr11d1• of t!te,<' ,:i!llplt·, :llld 

ti"' Parlh to 1tll':1,l!n· till' n,l1:tt.!:1' prod11,·111/! :1 lrt<t' i'rnlll tlte 

1·d:!'1· .. r !!JI .,f the Pi1•,·trod!'. Thi, t,·,1 w:1.s 111:id,· ,1·1tlt ~udi 

,:ill!J•IP" with a1"! witliont silico111· oil :d1,nrlwd. Tlw alH,rption 
,,f ,ilicorw oil was d1'P,'t1•d hy i111nH'r,illi!c tlw ,a111pl1•,- 111 ,ilic1,1w 
oil at l2H-J:m'"C. Tlw r,•;;ults an· ,liow11 in Tahir· Ill. Wlwrt the 
poh-('tltyl,·m• lws ahsnrlwd a liqllid-lik1• silw11tH' oil, tht' tn·,, 

,1anu,g \·olta;.•:e 1~ h12lwr. 

It is !'111,,i1kred that stll·lt 

lw,·au,, ·, a:- aln•adv ,lw11·11 
1'\JWrt!IH'lil'-'. n>l'OII;\ \\otdd 

,,n pffret ,,f silic .. 1w oil i- ol1(ni1wd 

1,y the re-nl1., of t!w pn•vi .. os 

!lot tak<' plar·t' at tlw t,p 1,i tlw 
tll'P•ll,· :i11d, t'l!'lt if ,•oro11:1 WPr<· to t:tki' plnr·<', the 11ta!!·ri:d 

wot:!d lw It•,., ltk1·I_\' tn lw afT,•t'tf'd bv r·1 ► r1111a. 

llr-11· aJ,.,, :f till' i11pnd, :tft!'f ,.h,"rpti""· ,, d1-,,1pat,·d l,y 
dry;t:g. tlw ._·olt:q.U' prrnlut·n1g a tr1•i• i"' n·dut·ed f•J tlit• ori~ir1al 

\'.tiilf'. 

( '<t1,s/n1dli1// of ( '0/1/i 

\',,\\ 1lw ,nitl!l,r ltl<'l!liuJ1, !lw tl,n,k:11,c l,·,vl!nµ: 11111H fund:1-

11w:ital ,.,p<-r1111,·1i1, t,, d,i• :,ppli,·:1t1n11 to ,·i,hl,·,. It ha .. , lwe11 
k:1n1f•d t'r,f!ii tlw r,·:-: 1,Jl~~ ttf t'XJHT:t1,('ttt~ d,::--:i·rdwd in the pret·,·ding 
d::q>11•r..; 1li:it alr,:o,t :,,,:,· liq,nd, 1·,r·1·pt \Yakr, 11, r·,,111hi1r:1t1ull 

wit!, p11ly, ·1h:,l•·11,· nr no---lmk,•d pnln·th\·lc!i•\ irnprt,\T' the 

\·nlt:i:,:<· char:,cteri,t i.-, ,,f t lw rn,itnwl 



\HIii 

I t Ju.,, t ii,'ri'l"n\ I l( ·Pn .-, 111., i, kn'd llu L ilH' ,·1f,•,·r will be lu11~
Lt.-ri11~ ii the ,·on, tn1.-ti<111 i,; ,u.-h that a liquid i., in°,·rtl'J lw
i \\' l'(' ll the <:Ci ll• lu ,·t " r :111<1 I hP i11 .,11l:d l<J lt (Ii c-r, 1.-., -liuk('d poh ·

ethylrn,\ ,'a iil l' , :il"I ,1,.. i111,n s!lrf: t1·, · of the <To:-:<-linked p,.,ly
t'tli _,·1<'1te i, a!l,:.y.- in i-,mr:u·t wit! \ tfw liquid. Si11 ee the r n,:',; 
,.1..-1 i,1n ni a c:1!.11<' ,~ I lia r or ,·un1·P11t r i,: eyliu,l,•rs and the potl'nti:11 

~r:1di(' nt is ;.:n·at,•r " n tht• in , id,, th:lll 011 the ,,11t, id<·, it h , 11tli

ci,·1 ,t in 1110,t. ,·a.-c., t,, ha,·c a !,quid on tht\ , . .,,it!u,: tor ,.,1,_. only . 
Tlw tlltt•ri:ll·, · n,nt:wtini.: thi• eo11.!u c· t,,r '" 1hn:; t i111po rta11t :-wd 
tlw obj<'<'t i,- 11,;ualh· :,t tai11, ·d if thi,; int.-rfa t P i, reininn·••,I. 

\ 011· , wlt :tt li1['1id -li01dd lw ,.:l'ki:t, ·d i, ;r thi.,, p11rp ... , ,,·.1 Since 
th<' l! i'.l.Xin,u 11 , ,t>n·i,:e l<' 111 p ,' r a t11n' 11f th,, ,· a li!, · is 8(}-·!liFC, i t is an 

imp, ,rtanr (·,md1tioll that ttw liquid d,w,; 11 n t ~1\ell the 111~1da tion 
n·11 1ark:dily :1t tht·~•-· lt'lllper:ltlln'" - TablP IV :-ho11s lht• dq {r('e,; 
of PXJi:tn,i.,n of cn,.,~-lillk,,d p,lly..thyl,.·n~ in,rn,·r, ,:,I in vario th 

liqniJ.." at SO "C. 
And if poly, ·thy lr- 11,• is kt- pl in c:utttad with a li4uiJ :Lt all 

tinw,;, the pr,,blP!ll ,,f t·11Y ironmt·11t:d ,;tn•:-:; ,-r:u·king o,,e11r'!. 
Ho1,·t•Vf'r, .su l' h :, pn;l)lt'lll drn', llt ' \ · ,·r ,w,·tir \I 1th <T<Nrlink,·d 

poly,·thylent·. 
The n•,rnl b of ,tn'"" craekin~ 1<•.;t_, 011 p(ll yethyl1•1w and ,: n,,;,;

linkPd p11l _1·(•thdP11t' i11 ~it i,·nn<• uil, i<>r e"':unplt· , a rl' ,;huwn in 

Tftulc V. Cr,,,-:'.-linkPd Jli,l:',l'thylen,~ '" in·e fru111 ,tn•,;~ crackin~ i11 
oth<-r liqHid:i, to,,. 

From thi~, it n1:L)' llt' ,;f1id th:.Jt (·ro"s-l illked polyeth ylt,111' is 
,-aff·r than polyPthyl1·m• , if :1 liquid i,; pllt iu the cal,h,. 

011 tlH· otlwr haud, tl1t• liqllid ,h,,o!d b,• neit!wr onf' that 
low,·rs till' (:•H1tludivi t.y of th<· i111wr ~l'n11cor 1dueti\'C lay.·r of the 
cab!,, , nnr "'H' that i~ n•latil,• or inflanrn,able. s\ftl'r ,·:irl'fulfy 
,tudying th, •"t' po,;.;,iliilit ie;; , :, liq11id wl1t,,..,~ princ'.ipal <·u111po1t,·11t 
j,- "ili,·,11w oil wa,; .-.·IP,·t,·,l. 

:\ s llH'l1ti,,11(•d iu th(• ;-;p,•ti o ll J~'1fi•cl vf !.i,111id 011 till.' R1-.,i8lrmce 
lu Corv1111 . , ilic(,Ili' uil ha., :t .~n·at,•r 1:1 ,r,,11a n·,-1.,1:t1 'it·1· th:,n t1!her 
li<juid~. Th is i,- 1111, ,rh,•r i11 1p.,rta11t n·a,011 f,,r th P :,,,1 .. dion o[ 
ei!i,·rnlt' uil. · 

For ilu· inm·r , ,·111 ii'<>1td11d i,·1• l:ty t' r, a ~Prni,·ondud.i•;p t,•xtil<' 
t:qw 11liid1 i.; n ·adily penf>lr:tll'd by :1 liquid wa,, d,,v ,•lupt'(l. 

For rh,· <:<111d11ctor, a hollow cond11ctor w!tn.;c inrwr diariwtr·r i.-; :1:
s1n:dl n., po, ,il ,!, , w:1s Jl '" 'tL 

Tahl,· \ ' ! ,:,.,xs th,· ,00 11,,tntdi"n " ' f\t;«kV ll)().. 1rn1( 1 liq11 id
fi!l,·d r _n,P cro.;,-Jink<•d p<Jly,.• t hylerw (':tb!P. 

l.011g-Tom l'crfurmanre 

The n .. ,,; t n11l~tamli11g kaLure of liqu id-filli'd tvpt• <·ross
linked pnlyr- t.liyi<'ne ,·ab!t• j,; it/\ ,,xr<•IIPnt !ong-tt•rm 1><•rfor111a nce, 
1.c., an 1•x,·,•lknt voltngt~·timt' d1ar:1<:tr:ris t.ic. l·:x1-wrirnPnlR un 
rr.oili:ls of , .. ,lyP!hylt•n" t.,;1,,-,; ,rnd ,•rn,:,;-li1 1kl'd p"l .wthyl,,n(' 
<':d ,J, •,; w!lh ,, th i11 in , uht ,1 ,11 nf :.? ·--l m11, lf«r :\ l\..h:V c:Lk, ~j 

~li«wi·d ii.a t ,lw li1p1 id till :n~ l,rrn1,::ht. :,ho!l t. ,1 ~!!p• ·r i«r \·,,!i a l,!.('
t 111H· ,·h:1rac! •·ri:-. t if•. Jfr1\\' t~ • . .-{ ' f . IT :f ft l,il ' ' ~'\ Jit ' fl fH Pn t~ :tn· ! :d: t·r 
all , 1, ·, ,,1 .. 1 ,· ,1 1•"ri11w11 !.•. Tlwy :in· n,.,t P\i•• ·r ,:11 1 ·1,r., ,, 11 ,·,.h!e, wnh 

:\ th :,·k i:!-tdai i,1n !har :t n · 1~1 .iW II! :•a• rvw ,~ _ I1 1 ;:dd it 11n1 to t Li.' 
rnod,: I 1'\JH· n ri ~Pnts, tl wn •f1,rP, IHn~- t1•r n-: ch :1rio! ,~ ft ·~, ... wr rr• 
{·:trr it>d 1 P1t i t n i·,:d,I,·:-- (,f thP ""t'r\· i1· •• d1rn<• n.-., i11n:..;, Vnnr ki nd., u{ 

!:qu io!- t-i ll, ·d ty p" t ro., , •llll h<' d ;" >i:,1 ·th y!" ''" ,·: ,hll' L:, ,,- :n,i: : i h< ,ll, ,1, 
! ' tl!id lll't<•r ti:' loo [1 ; !11 1 t·n-v, ·r,·d \\ 1t h c rn~'":--11:d'\t ·d pu!\ 1•~h _\-li' fit • 

fn ,i. th1ck1 :1• . ..::-: ,il~ -; --; fi:H i f ' rnn i1 l:Z.u n ·:; 

t 1· ..... i H'1· ! ; •.; ., •l \. w,·n· rn :!t: : tf:l, · '. ,,,l i11 r tl n:-; ;,nq it ,·- ,.• . 
I} ! dw:.--: t· '. ' ,111. r k:r;d~. ;'. -,, ,, ,.i , ... r 1 t• -: i:: :, : t ! \· ! '. _!\- : -

,r 

" :1 ••..,_ 

•\ ' ~~ \ . , f _I{ j '..: \. ' ' ·; I i 

~\\' fLLIN!, fH' C1to;.,;-L1:-;K1 .n l'OLH:THYLE'ir: ~HEri l'S WITH 

V -,n101 ·;; Ltl,)l ' !DS :\11s 0Hnu, ( Yr SO "C) 

Jr,,"b t ir,g .. il s 

;-;iJirn r: e oil 
A,·t•f pllt'IHlll,· 
T.-1rndilor,,-.,liph,•11vl 

TCP 
DOl' 

:-n\'ht_•au ,;ii 
raj~.'":--:t:',•ti <Jil 
,·a l1!P ,,il 

1
10 h:t,<1tt•Jl t> t_l O ,·,- ) 
1, Jl ild I ,a rai l, H 

'L\HLE V 

:,wellinis 
'pt ircent ) 

I 

:200 
150 
100 

n•ry ~mall 
. 11 

:l.,O 

HF:4bT .\~CE ft) l•: :,,.;vfHo :-. ,tL:ST.\L ;"'\nu~:-,;~ ( ' 1t.\1:.K.t.SG 

1 :\ST\1 - 1) ll.i'U-1;0T, 10 S .\\11'1.i '. S ! 

( 'r,,,;;;-li11ked 
p,,lyethyle11e 

:,oo( ' 

cnwk inJl: within 
4 ho11r, 

11,, cra('king in 

700 " " " ' 

T.\BU'. \ ' I 

crncki11g within 
•l honrs 

tl< > cnwking in 
700 day:➔ 

( '«N~THtJ(~l'l<>S "'' LIC1t:ltl - F1r.u:o TYPE Cnos:-H . INKf-; Ll 
Por.Y1·: nrn . ►. s,: ( :Alli ,>: 

( )ut•·r diat1H"IPr ttf ht,111,,\· \'n11dtwlor 
'Th ick fH_i:--:-- ,,f :-:.,•rni1·1HHhw1 i vr- 1 rl)H' 

Thi,·k1w,, of a,,~,_. li11k,~I 
p,,ly-ethy lttnP (t'Xlr11 :-- io11 'J 

Thi ck11p~-; uf nuh·r :-:ert1i{·o11d 11c ti\"t! 
L1vt,r rextnhtnn I 

'rhi,:knP:--!'- o f _...;f>IHico uduct i \'t) t ~ljh' , 
,•n pp1•r t ,q,.. , P\'C ,lw:11'1 

Ovn:tll di;111w t,·r 

·-·----- -- -- ----·---~---

(mm) 

1:; •) 
0 ;; 

11.7 

.5 

·l.4 
;jf 0 

~ili1·,.,11c oil w,L, fill<-d ,.i,,.r ,·0111 pl,· t i1111 ,,f nd1lt>. 

tl1i1·kn1-,,,:, and tht· :ippli t:a t. ion ,.f l:.?O kV to th,, ,;able of J:1.8-mm · 

tl,i ,·km',:., (normal condu <·.tor) . Tlw n ·, 111!.~ .,( te;;t~ ma.de av1tilable 
io da\l' :m' .:1v1•n in Tabl<' \'I!. In all f' !l .. ~(',i, ('X[Wrimentl! w1•re 

ctrri,·d o'lt "'' : l.-i Inn~ a lr·1,~th u l c:i l,11· a .. ~ pn,;s iblr . EspeeiallY, die 
,·,of,!,. ,·h:1 rt.; i·ol 11·i1li H)O k V 1,; ,.-1 111 Inn !!. ,·,,rrying l 'i .l>-h:\' •:' · H 

... rn •:,-;_..._ _ :-,: n t' :tr. '. t ha~ n·t l!: 11 n t•d ,1 nit " in ord, ·r. 

\r :,, , !'llfT1 •1tt Aowi1tj! i,, d 1,· l'1 11:, !1ict11r , tJ, i, 1:: t h lP :..; ... 1d 1;: · : -'. - d 
\q :l lw: l, i 'yr·li'- 1d W1 •:t1l }1 T Tt 'f 1q wr:tt1 :. r f• tr, no-:i , ·_ tw in · :t d : \- , 

:u1t nn ::, t i1·z i.il _\· : , ,-, i'o r fj fH,1 1r,, :u 11 I t •t F f i ,r h iH1111"., . ) 

Tl..- ., ,rn;p! <' .\- :i ,,.. t'l1,1r~ed wii li :1 (,- 11 11•1, •r d iff• ·r,·n<·~ !;f•t.wn·II 

1 ht; L{--:Hf :-:. 'J'h ; ... i~ c i ,11r11 rr ,·1 d h· ; l w ! ,-..... r df ! ht> r,•.,.- t \, 1ir. 

rl ;1 · -- :u :q dl· \- :~ h:1,"" t •, \' 11 joi;,;...:_ , :( --1·l( - lh;!: d i:i1 !:1p t; ·., r:t.p ;}ing 

·.\ !l h :--- ii l·, .i-1 · 11d 1 ·,\ IHt· h wd l h,· r· \ ; 1h: rwd l: ~i••r. 
Tht' ,·,-.;;a :i wn t, B-1 ,-h:t n.::_iL !..'.: ·L,·, :hii ' •: t :t l,-t-:; lfll 1n:"'H!:i.t !;: r1 

.,,, ,,r, I. ,h 

,, 

:: 

tslaught
Highlight



I: T• i. l 

T\!li i \: 

i' r, h\' l'ti<H•H\l .. ,,·1 OJ, L1q1w-l1L1., l• ·1 \ ii~:- / 

( - I• 

l H.~niat1,;; 

Tind;i,,•,-

I ' 

I", ii 

'ab!, 
LPtd.!t ;, 

ft'; 

,,., 

I;, 

:m 

;o 

\ppiwd 
\'(1!!:tC-t· 

k\ 

l'.'O 

1,~, 

\It) 

GO 

t,() 

:.'JO 

120 

.\lh\.tit1.'.ll:I! 

:---t l 1:·.-...-. 

k \ (HUI 

:..::; ., 

t,.,; 

Hi. 7 

11. :.' 

11 •J 

:.::,. l 

1:,.2 

Fi . .'. - \' ul1 agt~-time ,·,irv<' uf liquid-filled t YPl' cro,;,-linb,d 
polvPt hylcnc rablP. 

l ,.:. 8. L..,t,g-knn t""t .,f liqu1d-fill"l 1_,·1w ,·rn,,-lwk, d 
poly,·tl,_1!""'-'""i,lt•. 

IJ,,,, Te,1 
;--:, :trt,,d 

.Juh l ~lt;; 

I >en·:nh,-r J•Hit, 

Aug1L~t 1%7 

lkc'{)llltwr 1%(i 

Juh· 1%7 

Juh l\l{iS 

O,·toh,•r l\Jtili 

T,.:.:J 
TillH' iif 

('h:tt~F t~, 
!>,,," 
l,, .si! ~ 

!••l~J 
'.h,:11ding; 
di;-t1tH·tr1 

" ca!;!., t'tid 

I l ()Otl 

',(11)0 

I:.' IKHl 

I 

( '11u."''n:1·1 ,,f 
TFr!ld'. 1\1,,,, 

<..t'lf-1,i,:ni[:ig_ t 0 1i·w _-._\ft'.":--

•·••!1t 

LP n1hlH·t h,·at "'"ld,·d 
....:.t1t·.•·<' c.i11t· a 1 ,d 
p, 1r~:t'1:tiH Ifl'--llla t._if 

PU\Pf~t•tl('_\ .-:..·rv ll·t• 

cahl,, t yp•· 

(·Juf'-q(•~Hf.:_\ ~·rvi,·t• 
<'ab!t.· t_qw 

t:tH(•f~t'li{'_\' !'t'f·;11·t· 

,·,,ble ty1•· 

, :.il-itnJJft•~utt \t·tl pa1wr 
--.tn·:--s. c,nw :111d \'i,ndens-er 
f·,1 1 H', potet·ltt;r: lt1--.:i1btor 

..:1·if--lHn1di11~ 'ql<.· :--:r,·~~-

l 
I/ 
//.. 
j/ !l 

Fi,!;. 7 "hows dw volt agr- t inw elmr,wtPri,;t 1,· .. bt :1inl'd as n 
rP.•ult of Ow,(' l.'X}lf>rinw111,-,. It i" ~<•f•n from th,• tigHn· t !mt liquid

filled iyp<' 1-ros"-!iukt·d pnlyt'!h:,li•11(' rnl,11· ha- a \·olta1,w ti11w 
diara<'tcri•tw wllleh hecom('" fi;1t at a !tigl, J,., l'i. Tlte work111g 
stn•,-,- on flw :ti:,-.k\' clx~, eal,le now m ,;,_•n1c1.· b,•ing 10-12 
kV1rnm, tL1, \'oltagt"tlfl1t· diaracteri,ti,; ,I! liquid-till('d typ1.· 
ero«_~•lu1ked p,,lyt>thyh·1w ,·ah!P promi,-(•• 11.- 1h,· l"'"-"tbility 
of t1si11g this type of cablP for tlH· 27.'>-k\' tb.~s. 

Fig. k i, a view (,f the !(•,st with lOO-k\' d,:trge. 
Tlw n,;.ttlts of ar, :.u.· ,t;-p-n,P breakd•m n i,•,t a:,d ia,puJ,:p 

!<-,cl ot, tfu., < ahlP an· ,lto,111 1n Fig. 9. The dwle,:tri, •:011,t:wt arid 
di.-1,·ctri,· di,~ip:1tiw, f,1,·tnr i,f tlih,· eahlp, :u·,, ,t!,,,",.t ,·,iu,d to 
11,,,,,. ,,r n .. ,,-lii,k<·d pol.1;,-tl,_,·1,,1w ,·nldP". 

'l'!:t· iwndi:it.:. 1wrfi1ri11;1!:h of ;1 t·{1h!e i.-.: a!; iHq11trt:1~:t factqr in 

lt:l!:~pi-;fl~L:!. :u1d n:-..:t~dliu!!: iL 

'Tlw 7.7-:in:; i'a!dv ',\:1~ "!1hjt•1·tcd ~o f;\i, \ray !,t:·ndn;g nn<ler the 
1·\t ""t'\'Pri· 1':f!11L11,,11 td A- atid ,) !Hut·:-: dn: ouh,r dianH'i.t:r 

lilt' ;I(· :---"tt·p n . ..:t• h11':1kd,r\\'ri ;! ---L ·r111, t·,\..:qJt ... \\tT~' t·\,,dlt·t:L ;1s 

,1,,,111, 11, T,tl,i,, \'Ill. 



TABLE \lll 

lh::-.DINO Tt:ST nN LIQ\;l!l-F!LI.EO TYPE CHoss-LtSKf:l> 

PoLYLTl!YLHie: C.,1<1x 

Beridinl,I' 
lliameter 

I t X out,:,r 
di11n1ett~r 

,) X DHt.er 
diarnt.tft,.r 

Time,- of 
B,·rnli11~ 
(Ho1w;i 
Tripl 

:;on 

;JOO 

Test after B1•ndm~ 
Corona Bre:.k,l,,wn 

Kturtiu~ Voltaµ;e 
Vol1!1~e ,;•Hep Hi,;ti 1 

(kVl (kV) 

>70 

>70 >200 

.\ft.-r I he tl'.,;t, tl1,! cable ~ul,jed1·d tn l A tune.-, dratnett'r 

fwndi,q,:; Wt\-'\ broken up, wlwt1 it wa..; found that part of thP 

,·.,pper wires were broken, that the inner s.•miconductive layE'r 
,,as l,rnk(•n, and that the polp·inyl ch!uride sht•uth wa..-, al,cn 
ntpt11n·d. It was in a eondition in which :m rmliriary eab!t> t'tmld 
1wn•r be used. Nev<"rthde,;,11 the corona !t'vl'l a11d brl'ak,lown 
voll:tll;t' of tile sample eable were high. This Wtl-'l twcause ttw 
liquid tlowt•d into the d:rniagl'{l p:trt nt•:tr the itllll'r ~emil·on
dw·t iv.• layt.•r, whil'.h influenced breakdown voltage to tlw 
g:rPatest Pxtent and tl•inforr{·d that part. 

S1wh a gn•at strength against bendmg is another f(•ature of 
li'[llid-filled typt> t-rnss-lmked polyt>thyt,.1w ('ahl<•. 

/,v1llld lfrservoir 

. \s this ,·abi<' always h.L~ its ronduetor fillPd with a liquid. it 1:-< 
pr11\'i.Jt>d with a simple oil re,wrvnir at tlw Pnd of the 1<-rmi11,1l. 

The n,litme of the liquid fillin11; the mtPriur of the eorHhwt,,r is 
1 Pry small. Fnr in;;tan,'!', if a holl()W ('(>11dudor with an i11tH'r 

di:rntt•h•r of fi mm 1,.: u,t>d, the q1unttty of tlw liquid n•quir.·d i, 
al,01!! 48.4 ,·rn·'. I )n the, otlwr hand, tlw irwn•afi' in v,,Juna· dl!P to 
tt•flljlf'l'Hltlrt· ri~•· frnrn -10°(' to +!)0°C j,; -Ui ,·m 1. Thi;,: lltt•ans 

thnt ii will he all rigltt. for a ;)()0-111..t('r !Pngth of i'ahl<•. for 
P.,,,nq,IP. if ,1 rP11•rv,"r eap,d,J,, o( n,hm,,· n·gulatiort of I.If> likr 
i, pro\· idvd at urw end. I II t ht! t'a~f' n( 11r, emergt>11ey , .. rv i('P (•:d ,J,. 
, :\0 liO rn\'l('I,;) a bellows-type rps,·n-nir j,. ~oituhle. 

Fi•~. 10 ,hows th,· !!'rmillal p,trt of a 77-kV JOO-mm 2 liquid
filll'd typ,· cro:;.s-linki•d poly,,thylp11e eH,ergency ,:..rvieP ,·abk· 
having a lwllow,-tyJW n•,o,0 rvnir at 1t,; tt>rminat1on. 

.!t1i11t 

Tlw J•lllds a1,d termin:Hinr1s of :t liqllld-fi!l,·d type ,•r11ss-link,·d 
pn!;1,·!h,vlt·1c,• l'abli· an• 1he ,anw :1- tltn.-,p of a ,·rn,c,.-Ji1;kt'd cab!,· 
,,f Hus 1'nt1v,~11tinn:1.I t:•TW. For tlif• j!linhn~ of h1~J1-volt;1:.(tt c:ihl(•"', 
'"" nwtl,odQ ,!1-n•lnp•'d h;· \!:-!, ,t n,eth,,d liy tap•n~ with ,ilicoltl'. 
,,r! :,nd I !1)1'tf11.H.! Ly rwat nt1111lding, :ti'<' ,,vailahh• Thi' ll1Ptl1nd 

i,\· bp!!il! wit!t ,t!i,·,,w• oil Pll!lllllat,•~ thP drawhat'k- of tapilll( 11.,· 

;dli11;{ with,, liq,ud, whilt• in rhe nwthnd by heat 111011ldn1g tl1t• 
1,u,rng nf ,rradiat,'d polvPth:-·!Prw or El' nihl)l•r ,s ,uly,,:;•qm•nlk 
h,·,,tnl and IH<Hild,·,l. B,,1h nwthod,- an• , . ._,,,,!lr-nt in pr,"hwi11:.: 
-1:ibilu:ul jnrnt,- nf h1gl1-vol•Hi.W ,·:1hk.;.;. Fir,-1 , tlw 1,,,,tl,nd 
'.11,,;1g '>nth ,ili<'nru: <HI will !,p d1-,;,•rilH.•d . 

\\ L,·h .,f ·fw,.cl' ,,w1 hndf ,hn11ld 1,... th<' d1011·,, d,•u·n",u'd 
\' -:qt·h :: tet,.r:'\ :~ . .; rh~ !t•lli!th ,;f tirnt). ~1,;:1d;1L!,~ for tht• \\'+>:~ . 

·;\'l?'fJ!!i'n'·nt;d ronditu,f!~ 1 ,f th~• n1~ta!1atri ✓ :1 ,·t{'. 

;·ht'• '.',1fl\fi!1ti·fl!:il rr;ethnd (1f Jfi(nting L·, L1p:i,!lg h•H:•L 1 ,-. 

':1?1t.• _;·:g,'.-1'. thP r;f(_iini:tPnt iLi!Hff" "!n 1·1,, (ii 

Fig, 10. Termination. 

----~----~-------~---------.i.... ______ _ 

Fil(. ll . \',,lt,1K<•·titne curv,, uf ,,,If-bonding tape wrapped jnint., 

\ / 
FiK, !~. llc,at rrn,ulded j,,int and termination . 

j,,int for till kV and 11p ,·:d,I,•"· Tiu" i,; hPc,w,,. V(•ry ~mall vni,J~ 
111,ty lw ldt at the edg,•:s .,f lap,· ovt>rhtp:- or thi1t ~aps forr,.ed 
lwl 11·t'f•11 t11rn:-! off he t,,pe afi,•r tlw taping proch:-e 

\\'1th ,t vit>w to t'lim1111,tini.; rhi,; ,horteomrng, ,;tmly 11·as 
rnad(' fr11m 1·ariou,; anglt>s :111d it wa.-; discovf'n•d that the pn 
1·rt !l's w1•n· n·rnarkahly irnpro\·,·d if t.hr, small voids wne fill,·tl 
\11th liquid. Fro111 tit(• vi,·wpo1nt. of i·a,;e of working and lung• 
1nm propPrtH·s, the l'ornltinat ion of ;c,•li-ht,ndinii; tape and 

,iJwor1<· oil is th,• be,;t ,·n111hinatio1t for this purpo,;,•, The pro•·1~ 
nf I hi,; 111etlu,d is winding ,,df-honding; ta.pe while ,ipplying 
.-ilwo11t• oil of a \·i"'·osit:,· of 10 20 ,·Pntistrokes to both ,urfa .. ,•.• nf 
tlw tape, ,ll(·h tb:1t th,· 1·01d., an· flllPd with si!iclJlie oil. 

It ha~ l,;•1.•11 f·ontirnwd, , .. ~ a n•,c!Jlt of vari<,th experinwnt,;, l hll.t 
,ilimn1• oil i~ a \'Pry -tab!P 111;;11Jating oil :111d neitlwr ~wPII., n, 
atfr,·ts the prnperti,..,_ of tiw c(•!f-honding t:ipe. 

With fP!n,rd to thr· lo111H,.rm ,·harge d1araet<•riAH'8 nf the 
joint hv thh ltll'thod. l"{J1l·rtl!ll'llt.~ h,1v1• ft'\'!'td, .. l th:d 1t .r,,, '-' 
,.,-ry hii,d, d,·gn••• of ~1:d,di1:r. F:;!:. I I ,huw" tlw \·,,!111"1· 1 ·me 
,·h,,r:1d1,risti!' .,f:. J";nt by tl11.~ n,Pthnd .,f :, 1,/)-k\' 100-,, m1 

cr"""-lirik,·d polyr·tln·l<-r:<' ,·ah!" ,,tbjr·,·l,·d t.o r·-,nti1ll!OII" ,.i :,r;te 

rmtd<)(J!"". 

Th., nl,kst ,,f ,11cl1 n:;wriuwnts ha .. ~ !w('n 1rnd1,rway .•mt~ 
I lecPnilwr. 1111\1. h11t Hnt a ,ongl,· hn·akd"wn ha,, rn·('tJrrt>d .. ,, i:tr. 

From tln,1 grnph it 1s 11«t.-d that tl1,• 11i;1x111n1m .-tn·s-, l:,,•,'n!lleS 

fbt 111 t.lw 11e1glihorhnod .,i I IJ k \' mrn. 
:"'llll'I' liqu,d-tillt·d tvp,· tTO•s-lH1k1'<l ,,,,!:;,·thvlt·111• ,':thl<' li:L• the 

... antt• nd on iL-.; 

!ht:"- t.\-;i•.'" nf 1·~1bl(·. 
'.\,,11. tlw nwthnd hv rn1111ld:r:(! wi!l tH, ,»:nhirwd . 
. t~ ... f'iqW!I in Fi:!'. i'..?. :l j1nnt 1 if F"--..tr:1-hi'...:h-\'1·1!L'J;Ll' 1•:dt/i'· .. by 

,•oli!d:: ..'. ,,: m:ii!t• bv \ITi!Ofn!i'.( a rhn, L,v,-r ,,f EP Pd,h,·r r)Je 
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dw;, ;1,1dtldu1: ti\· l1t':t· ;-t: ':-)j. ,.\ JnHtl: nt thl""- cor1."ltli••:H11, lia, ;~ 

liu.:h,·1 iH,·:d,,:c,1.,n \qila~•· d"u· 1: j,,1n! with irrnd· t<>d puh
e1i1>·lt''.;1• ot:h 

\, i,, ,,/.,,•( r,nd J 1ro1 ,,·r! 1, ··, 1,1;..j... \' ,·ro.,,-;-lmk,·, i p• ,h..i ltd, 
nd,l,,, J"::,u·d I,\· ,·nJ,,,. rl:<· -dwu1w oil 1:q,il,£! nwth,~I or r,:,nddit,c• 

tiH't ill ,d h;i i,·t· a:1 lfttpul--.e bn•;~kd11\\ t1 t;oilugt: of tU)O h. \' or Hu,rf 

ttl: ;t,· i ,r,·akd11\\ I: \ olt:u.:_,. n:· 2nn h \' Hf ilttlt'f". :u:d a ,·urn:ia l,·\·(,i 
of i'O k. \' ii!' Inn!<· 

T!« :Ii<' 1,•,11;:i':dl"''' "' <>r.!11,:11\ ,,·1\'1,·,· nd,J,,, :i1:d t·lll\'1-

g:t·f:c-.. "'n we j·:d dt,-., I i'Jf t IH·tr utnt·r n tfL ... t fl.it'( ion." :t 11d ui:th·ri:d-.. 

!U't'· •r!:li' dn• "';lltlt', 111 tlw ,·a-...:t• 11! ;tt1 ordi!1;1ry ~t·rvwt• 1':d~!t·. d11 

util.'-ldc /"-. ('1)\t'("•.·d \\;{ti ~1 jHJf(·t>iaiti ,n~oLdot. wlide th tiw (';i~{' 11! 

;Ui t'l1;eq.!.1'!wy :-..t'f\ ilT t·aLlt' ;i n1hlwr l1u.,h1u~ 1.:-- 11~•'d tor ('11!1-

\'l'llH'III'<' HI h:uulliHg, 

For ,·:d,!1·.- 11p to llw 77-k\', 1:i.-,. tilt' ,trb- r,:lw! ,·,,u,· t\)><' !,_, 
!ll'at n1wddit1!! 1- ,111tal;le. ,\~ todH' 111ait'rial. FJ> rnl,iwr i,tli<' l,,•,t 

he,·aq,,, ,,f it, ad!lt'.-1011 to rr,i'.--ii11k(•d po!Yt·lhyi<'ll1', 1t, ,r,,• ·,• 
ahil i1 _, . "nd it, l'l1•1't ri,·al propt·rt w,, .\- l,, t lw ,·o«-t nwt 1n1, <>I 1 ! w 

8ln·,, n·lwi ,,11111', that 1\ltid, 1, ,!10\\ 11 ro Fi/.'.. 12. a ,,1,,pk l'»l1-

stnwt1n11 \l'itb :-1al,1J,z.,,I pH•p<·rtit-> ha, lw<'li adopt,·d. 
Th,· 1,•r1i1!lmllli11 .,hall lw ,,I tli, 1·011d<·11,,·1 typ1• 1,lh'I'<' tli,· 

ealil,· ,, .,f l 10 k \' 1tr lnµ,lwr. 

.\ 11< ' \\ typ,· ,,f pnw,·r 1·ar,l1· lia, l>1•<'11 d,·\Tlop<·d a- a !'<'•Hit ": 

ft·:--t·an·h ft.r n1a11y y<1a!':·.:. 

Tlw ,,:,Lit, is a 1'1c,,,;-Ji11k,•d polyet!tylt•1t1· 1·allli', 11·!ti,·h i, ;.'.l\'1•11 

\·nlta1.:•· .-1,tl,ility h_v ha\l1,g a liquid \1·1io,1' pri1wq1:il 1·n111i"lili'llt ,, 

1-tlil'olw oil nn tlw ;·011dw·tor ,,id<' at all tinw,. Tli,· <'\t'<'li<'lli 

1·olta1.:<· !if,, .. 1iara,·tn1-tw, of t!ti, cab!<' (';tll lw pro\'Pd b~' Y:,11011, 

full(bn,,·ntal •·xp,•ri11H'lll", TliP cl,ara,·r,·n,ti,·, oi thi, 1·al,I,· 11,;,,\· 

l)(• ,111nn1:11'!Z<'d a, follow,: 

I J , •. ,,.,.JJ.-1!1 m volt,1g1· ,t:1hil1t_\ and ,·:di, f.,r :1 ,11,alh-r t!11,·k1w,, 

of in.,11!a t I011 

:!1 l1:.d11 
:\1 "'"•,·11,•nt fl,,,i!,ility \I itli .'lt1:t!I rad 111, and 1- 1•a,,1· lo li:111.IJ,, 

--1"; (l11e, tltd J1r1•d large-:••:cale aiTt>~.._t,rit1..; :11111 1:--: t"a:"_\· ttJ j<,i11t 
:11,,l 11·nni11:tt,• 

:il 11» 11t:1in1,•11:111,·,· 11"rk rn p:1rl H·ular, 

Thi, t."!"' i ► f "aft!,,, ,.f tlH' titi 77-k\' ,·l:t,.,, 1, no\\' i11 pr:wt1, :d 
U.'t_• h_,· an t•lt•c·1 flt' po\\"<•r t·o1npar1r a< t·11·;~•n.1.t'ftt')' _..:cr\'i(T (';ti.II' and 

ily ~t,,,.J rn:,k,·r, :1- ,cn·wt• <':dJ!t·. 111 1·w11 of 11w 1·'\l'l'ih·11t dw!,·l'trw 

eh11rackri,t11·• "f tin, rnl,lt·, 1t j, 1·,qw,·!1·d tint it will},,, 11-,·d : .. , 

1-lT\ln· 11f tlw '.:7!'>--k\' ,·la,, in tlw iu111n· 
Jlmlf",Pl'. ,·:1!tl,• for tlw :?7:-,._k\' ,·la,,,, a larl,(1' ""11dt1,·tu1 "li<' 

wl,i,·h !Jr\ n!n·, 1·ario11., pn,l,l,•111, to lw ,oh·,,.J <''>lll'<'f'lill1i.'. it, 
rtra?n1l:1rt 11ri11~ 11wt hod, J<Hld ll11,(. :.1·,·1•, ... .,n,·,, Pl,., Tlw r,·,tdt -

~t1Jdi1,, .,f !ii(',-,• prnbl,·m, \,ill lw n·purt,•d :d :i ht,·r<ht,, 

Tlw :t1tllil•r 111.,lw- to t'\jm',, !11, tlut11k, I» lll:tl1\· ,"'"i'J,, ,, 
S111t11lo11," El,·,·t ri,· I nd,i,t rw,, Ltd , fnr t lwir \ :t!wd,!1· ,.rn,,wr:i i ;, ,,, 
wbwlt l,,. 1·11Jn\Td Iii ,·a1r,·1n;r ,,II! !ln, r,·,,•;u·,·h and d,·n·i .. ;,1"''"! 

HU'! Iii ,, .. L' 

1 J .\ l l1•\'lt1<X, J. \! ( l1,di11. Y H,•101!1 ,. I: .. J,wtFllr, .\ '\<11tt·wr, 
·t1:d \1 < }:-:t :: ndi~1hilit.\ a1,d dt•Vt'loprr!f'fit 1o·~n1rd...: hiih 
v,,Jtagb ,,f ,yn!Jwtic in,1tlat<'d c1.!,I,·- ... ( '((;J:F, l':q>f'! :.'J lit, 
l 1.i1\-. 

::n '.\. !) E ... ,,,wy Hlld \I .I K .. 11l»p .. ul,,-, · 11 :,-k \' ""d I :;,,,.I.,\' 
p,,l.\·t,th~·IPIW-in.-;.1ilah·tl (·ahlt• 111...;t:dlati<ifr ... :ind r':tli!P 1.·v:il:1a1.i(,t; 
,hta,· ( '!(; l:l•:, l'ap,·r '!l-07, l'lt\•;, . 

L \ii·h,·:~; , Hi\t·: \\ Tn·: 
pni_\"l"tflyiPHt In:; iJ.d,· \'·dliii..!J• / t-.·r.l:," 'f-'(lH ... }'11·, 
,nut 8;1,,;i, ft/' \'L: P_-\:--,.-v ~z'.> l (1. J,cili~;n· l~•h-:-

T Ft:JHJ\\a, 'l \ ""'' \' h.aW:i-ilK,, :,,,d II ·'"•'''"'•"' 
J>,·rftff!lit1n1·•• i htt 77 ~k \ n ,_, ... -;;H •'li po!y(·thYi!·/;~- !l'-'ll:iH 

:tud tit>\\ ,l,-vi')qlll'.1·:, 1 -, ! I. J Tr,ui.~- l'oir,, i /1ff 1 i 

S:1:•.it1n \" , I;\~-~~ r,p. 1--,'.f!~ ~t1Vt·ff1l·tt.•: !1Jt>, 

I. llan,m;. JI \Lie-rnw:1:,, I \ :i 1t11d ,\l \\ e11:, "" 

Tr-;r!!iliat!,1'; :un.1 J+1irt1:i,I,! rnt-tL,.,d:-- (t; q:.:l( V•1ita;!' ,-!,f"'-•li ,,-.{' , i 
p(d.\·,·thylt•:a t·alih•.-..,, S 111,,1tocr10 Fif l\{-1. !:, 
pp . . t! -t:), F•·lH :iary ! ~•hh 

Discussion 

A. L McKean ,Pla•lp, [lrnl,w ('.,ppt•r l'toduct- ('oq,nnd1,J11, 
Y,,r,k1•1,. :,,;, Y.1; Tiu· antlior', lahnralon --tudies ,u,d ,·ahh• 1,,,1 
prnt,.!rarn dentor1;..;tfah• the Pff(·ctiVf.'tH·"'·' t,f ~ilicuue. hil:--: ii. pn1vidi11µ.: 
-ial11ht,· tu <·or,nrn di-d,:ir~,, l,.1· n•iHfon·i111,'. thf' (•ffici<'t[<'\ 11f tl1<· 
't.'fll/l',,nd1wt ivc :,,;liit>ld It i?"- nrtfort HHHtt• that :--twh 1111 t·xp1•u-.:ivf• 
liq<11<l 11111,• J,,,. ,,,,,,,,11;"'1 

Th(' f"t' 1. ... nn qtW"-t iun t h~tt prnvidfttl,{ all od-W(•l iH:-.iJlat iu11 :-.:11rfah· 

can :---ignifi1•aflt l_\" (•ti h;1Ht.'t' 1 lu· p,•rfonnau,·t· of ero~~-l1t1 k,·d p-oly
•'i lnJ.•(j{' .\LP; ,·al.I,•, Hnw,•v!'f'. rlw d<•g'f't'(' .,f l!llpri,y,,;,..,, .. ,1,.,,,11,f., 
tq.1t1n \\'hat ,-:.dJ!t• d .. ..;iJ:11 ,~ ('1,11,.,id(•J'f••i H~ l't'ft·n·iwt 

Tl11· .. 11·tfl'ally," ,'<>!Hpl,,tt·h· l,,,rn!t,I Px1n1d<·d ,hi,·ld ,J,,,.ild 111f11rd 
1•tp1:d -.:taf,iiiry to 1·ornna. aud llu• (·h:-tnH"l(•ti ... tic hn·akd(t\\H levt·l-
:--!,,1fdd h-(• ..,,inw\.,drnt t).q1tivalt•!1t. 'f'hi .... - i"' tnw. for f'\.an1plu, of tlH' 
dwr:ir'!Pri-..ti<· iH1pul:--:(' hn·akd,,\.\·11 1·1tr\'e ~'hid, Wl' dt•\·t·f11pt'i.l 11n 

fr•-k\ <'ttL!,- ill11,trn1,,d in ;:ii. It i, alsl) t.n l>1' 111,u•d. ''""''\'<•r, thHI 
d,,, a11tl111r', ,11· ,it-p v,,liw, app•·ar lo rill( ,lightly hiµ:her 

X,•\'<•11 J,.,J,.,,. 1 fw ! .. 1,ii:~tPrlll p.-rf11rrn:t1d'<' of tlw li,1<1id-ti!l,,,I 
,·:ti,!,,, ,l, .. w11 i11 Tab!,, \'JI i, 1t1<>-I irnpn•-,i\'l' in d,•1n»11,trntirig 

,1 ahliit,,·, trl<'l<1dioi:; t Wq ,an1ph•,-1 whi..!, \\'t'rt' !o,,d-1',\'I l1•d twi,,,. 
d:tih· ti} ~HI:;(~ t'tH1d1wtor. 'I'lu•.•+· ft•st _-.::trt•.-~,~ ... WPtt' qnl1e rig_,1i-ou:--, 

r-a1lgi1q,{ fn,tn :r;.') 4fif') \'.1 n11naxiut;;n1 _-.::fn•---:--. 

Thf' :1111 hnr':-- work oH joi11t (k•:-,i~n and joir.t J>t.:rfn!'n1:Ul(·t· i:-- a 
welr·ortH.' cn111rih1ttlnH tn our fPd1t1ical knowlf•d~•· on l"olid dwlt>(•tri,•;,,:. 
Tft,. d1•-i;::11 ,,f j,1i1.r.- :,t rn, k \' 1tl!il alttl\'I'., f111 ('ro"•'lllkt•d poh·
,,i1,,,·1n .. , ,·:ihlt•,,, n·,p1iff, more th:i11 n bttl:U1t'(• l>t>twH·t1 ,pl11·111g; skill 
:tn,I d1nH·t1~iot1al .-·•f•(•lfrit,·. ·rtH·n• an• th•fi11ih• li1nit;fti,;:1..: tti tht

p.-nni.,-:1 bl" {TP<•pa;.;e .,f n·~~. P:--JW('lall_\· fn1 1111nhondt<d '--t1rf:1t'('_,.,_ 
,'iri,;l.;irl:.-, r:idiaI ~tn·~~t•:--: in dw sphr·p tJtti."-l tw· eonlrollt•d withitt 
,...,,,,,r,al,!t· ltm11~. h<1t h to at·<·orn,~latr· 11,· ttn,I imp11!..,, r,·q11m·r1wnt,, 
and (iii 1Jw ntfH•r Land tf, :-tv,,id the f"~ati,m 11f ct dwnn:d hoHh•
lit>f·k 

Tlw,,· d1tfrn·11t fa,·tqr, sl!l(l(e,-f that wliil,, a -at"fttct,,n 1;1p<·-wrnp 

,pli,,, rnaY le• d.-,iK11t•d fnr t lw higher volrnµ:,· i<·v<'I.-. "'"' ll>l!•I lw 
r·an,fnl lq :H·liir•\"f.• a propt>r hr-sb.tH·f• lwt\\·t"f•t: diPlerrrt1' ,fr1<11~th and 
:trnp:1,·ity. 

l11 ,-.i11Iwe•1011 wilh tlw ititt:rnal fpnttttt" . .: uf d,-•:-<IJ!I; tllw rni£:hl 
""'••1'-r "·h;it will happ,•11 in tiuw lo t lw "''llli<'nhductrv,· p1,Jypf hyl"!IP 
byPJ" :d dw t·rnnH•t·!or uf ttw ~-plit't', wh~n in ,·01tffJ,··t "-ith _..~iJic-011(' od 
:d qq:(' r1r ~l!J.d!(•f 

.\ .-p••n:d w,,r,1 regatdlllf.'. th<· ,-,.•lf-h111,dtl,j( Uip<· ,p!rn, Ji ,,l1,·n11<' 
.,,f filin i, applwd t,.•("·•~·11 l:n-<•r, of ~plir., in,(Jlnn,,t1. lh!•1, th,· 
Hi'--<!iLri,11! 1l"I:!:-.. ... will nc,t aH1f-tl~alHH.tf>. ·r1tu~, the _,;.;pfft'(' V. ill 1·,i1dnir1 

h11ih~:,~ \"tlHi.' prof.p,·tPd h\· :1 ..,.Jii1·(tBi· interfa('f'. \\"hdt• tin;'< tuay 

pr1,v1dt· ~i:thiht:,· t_q l'qf11t1!! Ht ~<·rvif.'P vnlt:lJ!t', will it 1to! u·•wl lo 

!l!Htltn;.1.t• l h<· po-.·:-.i!,dit_\· ni ad1it•vi11g adr•ipHl1<' ·•afet _\' f:t<'t11t in 

tt'Ltnd 1, 1n1pul-.t• aod ;1.r- dit·ft,('trw ~trf'1t~oh·1 

Tlw Jn,,,tl,1,,,1 I qw· ,p!in· wh,•r, prui~·rh· nr;1,J,. " •·•·Il n11,h a prt•
f,·i n·d d,""ii!Jt, .... OH'(• ifi"> d,n.r:tctr•ri.,ti<•_.., .... tn,nld pr(•lrnhl_\- appn,Rch 
:h:11 ,,i d11· •·:d,1,._ ll»\\i'\'f•f, tlw prinwr\' rpH•-1i,,n wliid, ,till n·11rain-
1 ... 1!1,' tU;1!1f•t uf dt•gH't' of r.:'h:thilil_\." fruJn ;--phc(' ~o .... phc·(•. 

Tli,- l;:t:"-W :"-<Jhd-.:ii{·•:ect ric cro-...,-iink(~d polyt•1 hyl('I1€ i·:ihlt', en1-
1d,,.n11t.1. P\it'idPd -..1r:11id -.('!VP!I. prt1\--idP:-- ;t .::ifnp!, higl1-\·11ltag:e 
1·:thk •-)·:--tPHL ·,tr1tt<'!it-e tti it-- -...ir11piwi1_,·, wnlto!t? 1H'•·,,,... ___ ,.1f!t•-... 

\\ hi!,, rlw · ,,d-ti!J,,d" .\LI' nd,it· nff.,r,.I, \1,l\ ,•:,,,,,!!t•1,1 p,· 1·f,,11n:.1<n· 
1 hant(·t,,:1~ H-""'. tiw cab!,, ... ;·-te1n 1,l;\·111:1;-ly iu-ctHI:t':- ..._~,r1r<'ilii1i.; ri:,,r., 

1·,,1nr;le\ n'11 ot·1:[~ "f1t·1·i:d 1,if-Ef!f•,_j :HTt'...:-.,,nt·-

l\lti'.l. 
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The µrewnt ba.,ic <',1ble desi~n n'•·•HHrnended by the authors 
employs a relatin,ly infr-ri,,r t·ot,dn.-t,,r -wre,•n ,i.-;.,ernbly, e,,mprisi11g 
sem1eond11ding tape over tht" str11ud. While it 1s ('l.,;,r th:.t thi3 
d(•sign i;; purp<1:it>ly prop,,sed to fa,•ilitate the etfretiveness uf the oil
filled ('able opern.tion, then• is co11cern that i1,; s:ifoty factor i,; some
what le&~ than ~:ltisfa<:tory in tlw ,,v.-nt th,lt die l'nndnetor ,ho11ld 
suffer a l,,:s..~ ,,f nil ,11i,ply. 

T. Haya.mi: Th,• ,i.uthor wi,-:he, to 1'xp1v,s his :,i,w..r·e th:wk~ f,,1 
\fr. '.\frKt>:rn',-: vahw.ble comments. The anthur i'onsi,lt>rs thar \Ir. 
\feKean ',; qtlt'~tion,-: may J,., <livid(',! illt,, thn .. , cati.•g11rit•,;: Ii I ho'<' 
rd1<ting to sp!i,-.,,.,, 2) tho"€ relatiug to the liquid-tillc><I type ,-r,,,-.,~ 
linked polyethylene <·able it.-;;;!f, and :S; th,;;se relating to a,·c,•.,,-;,,rie:;. 

[n the tin-it of the que,:tions discu.s.:il·d, he fe,u'½ that sili,·.,m• wl 
may prevettt the bonJiug t'lT.-d of the ~Plf-ho1tdwg tape ,n ,ptinc
insulation ,rnd red11,.-e the ae and irnp11lse brt>ak,luwn ,qrengt!t of 
the spli,:e .. \i< ri•gard:s the ,ifi,·une oil lay<.•r at sp!i,-c itblth!ion, 
,ilicolle oil will n·,h1c,i the hondi11r.c pff,•,'l of the q,Jf.!J,111ding 1,1pe, 
However, it do<'>i 1tnt n•d11,'t' the ,hnrt-time ,,,: hr,•:tkd,,wn ,t,vngd, 
:L~ shown in Fig. 11, ,111d the i111p11l,,e hr<'11kdow11 v11ltag:e ,,f tlw 
,pliee with ,ili,•one ,,il l>etW<'<'n hyers ,ati~fk, the TIU,. F11rthenw,n•, 
for inst,mce, A<, ,·able of T,,ble \'II 1·011t:,i11s two such splil'es ,rnd 
it ha., alrea,ly 1,,.,~,1 st1hjectt•d tn a volt:q~e .,f qo kV i'm,rxinwm 
rndial strt',;.,: l'.! kV /rmnj for about IO !~Ml homs. Tlw~e spli,·t."" han• 
nor, hec€ll br,ikt•n dnwn cve11 ,H ,,wh lngh strPs~ all(! I did n<>t fiw I 
:iny lfirge oil !ttyer in tht> splice 11,.,utat inn. Tlwrdore, this ,plin• 
method is q,1ite sali,;faetnry fnr lon1-; 1:w.•rfonnanl'<• abo. 

The anth<>r, how,•ver, p!:w~ t,, invt<~til,(,,tc the ,v· ,wd 11np11l,-e, 
,·haract..-ri~tics of th,• spli,-,. in,t:dJ,,,! •tt th,· lowt·,t !"w p,,int ,,f a 
c:1hfti nntt~\ n,un,·l_\\ the- ,-•:.plic,) which i:-- :--nbjtict In the n1:txlrn1un oil 
pre,-,.~ure. 

The que"tion he take~ •tp relatp,. ro the nmdition when the ,erni~ 
comluetive hy,•r eomes ill ,,on tad with ,ilic1111!." oil. .\s ht' point" ,.,1t 
0 1•micond,1,·tive pnly(•thylette will h:.ve ,;tn-s,s "racking ,m<ler h:l(h 
m<'chaniclll stre,s. A, ~hown in Table V, i11;wever, ,ueh era,·king 
take,; place ,,nh- 11nJN very ,.evt>n• ,·ondtti.m~, ar,d sem1(·ond11,.·rive 
cro,;.~-linked poly,•thy!ene will h,we no ,!re,., •-raeki11i.; even under the 
1.·onditiou1< of TaL,le V. 

:\,; to the "<,,·ond of hi,; •111P,ti,,1ts wh1d1 rt•lates to the pu,,ibili• v ,:,f 
dam:111;e l<) the ,·able when the ,ntpply of oil is inkrrnpted, the 
:rnlhor wi~lw,; to refer hun to the followmg ,'X!it'rimeHt. That e.,p,•rj.. 
tlll'f\t ,,on,,isted in II voltage-time t(-,;t nude 011 a ,·able .;pel'imen 
whid, had on,,e b,·en filled wii 11 ,tlicone oil and frnm whi,·h ,1ie 
,ilwutw oil w:t:-s tlwu drninf'<I ,u,d n·1twvt"-l. The ,•,ihlt, in that c,;:,di« 
t in11 h:Ls f,.•,·11 ,ubji,ct,"l t n :t m:ix1myu1 of '.!0 kV I mm for 2000 b dJhi 
and h:b .,till w,t hrnktcn duw11. Even if th,• r,il i,; lo,;t, then"'fon,. the 
,·able i, nc,t d,1rn,qi:ed at •HH'e. An\· darn,,.;e will be preven!t',l a;, 
Ion!(,., th(' tap,, i, wet with l\ny t\fllol!nt nf ,,Jin,ne ml. 

Th,· f:tl't I h,..t ,·nrott11 1-...-i,-,taHn' i-; r,•markably wiprovl'<I 1( :1 y 
,mall 'l'ltlfltiry of .,ilienl!e oil is pn•.,ein 11n the ,nrfaee of the ' 
-1ilat111n 1:< ,·le:irlr ·"''"" from the n·,llh, uf th,· Pxp,•nnwnt. ~h"wn i 
T,i.b!(• I. ThP propen\· oi silicone ,,ii I hat ,f doe, not n•adtly ,·11 · 

off after it !(f't,; att ad11."l to a11ything i, ,i},.., f\ll adva11t:q,:t-. L 
wh:\t. h:b 1.,.,.,., lllen1irn11•d previut1sly, the a11thur Cn!Lsitler, d1a 
I here '" no p"rt i,·11!11r ttef'd for W<Jrry, alt hough it j,; ,,f <'o!lr,,.e hi,; 
de.,irahle for ,i!i,·01,1• o,I t<1 l,e replen1,hr•d when it ha."' lxxn l•i:;L 

The r hir<I nf his q,w,uo11s 1~ a culll!H,•til I h,1t this tvpe 1;f uble 
,·,di,; for :u•1·(•s.,ori..,; which t·t•,!ii.-e the tt1••rits of --'u!id type nhl~. 
How,,ver, ~incl' thi~ tYpe qf ,·al,le pennit, :1 hi,dwr ,tn•,,s than ,·,,hlt'::I 
ltt~retofore iu 11~♦-•, ir tlnahle6 tt~ to n•dt1t't1 rhe thi(:kHe~~ of i11::;11!ation 
tn a ~rl'at (·\.tt•nt. [n c1H1~t~q11eHC·(~, it h:ts :tdvaut:t~(h• r;vt~r (·ahk,-,: in 

•toe with r,•,ped to the <1V!'r:d! di,uneter, !lexural ,tn·ng:th, \\e,ght, 
P(f<,, ;tu.I tht> a11thnr think-.:; tht>:-;.t:" r1dvanta;:;f•=s ~\rti tnon~ than (~t,.,11 
1.-, ClHnp,r-11:---:at-P tht~ tH•cf•;'-;-;it_v [1,r ;-:irnple at·n_•!":-:urit-,..; and the t":\l)(l 
of :-;iJico11e 1 •il. 

W1ti1 thi .• tqw of nthlt>, Wf' wtt>Hd tu make prn•'lll·al ,.·able~ 
lf>-1 '.!7'i-k \. r:11i11~,. whieh l'l'<J'iinsl , hiek i1Htl:it 1011 'Ail h the 
i_'oHVt•fd ional t ~-f}Pc...:: nf (·:thl(1~. 

Electric Fields 1n the Vicinity of Lightning Strokes 
EDWARD BECK, FELLOW. IEEE, IL\l{{)l,I) IL .\Ic:--.:CTT, ,m .. "E:SIOl( \IE\llllrn, lf:u;, DFHHLLL F. SIL\\'f~LE. 

FELLOW, IEEE, ,\'-ii) ('IL\HLE:-, ., TIBK. \lE\lBt:lt. IEEE 

Ahstra(t-New data have been added to the information available 
on the electric fiehls ,luring thunderstorms. The new data consist of 
records d the potE-nlial grndients that exist r,n the earth's surface 
in the vicinity of !ightning strokes. Records ha.e been obtained 
within ISO 200 fed of known stroke locations. To the best of the 
authors' knc,wledge this Ji35 not been ~ccomplished hefore. Based on 
the information obtained, a relation has been derived between the 
estimated gradient and the distance from the stroke. Also, an esti
mate is made of the potentials induced by nearby lightning strokes 
in a conductor at the height of a t:,pical distribution system. 

'. ';ipf~r f}~f ·rp ¥':~ P\1,; H, ;:·t~{'.(;l11Hlt•L, ie·d a: :tppr, )\'1"(1 i ,,:. t ht; 
;·t!1·-rn1:--:~ton ·)t:.d IJl.--:trih;d:,10 ('onunitt,'-e ibt- TFEE l',,\1.,·er 

···.,.:o fr,( inn :it ·he [Ft•:E \Viu.tFf i ' •1'.\Pf \[t',1•tt1iz, .'\vw 
"'' J.,uP1:t!'V · __ ;t; .. :{J, l ,u;q_ \ I :un:-...1 rli ~-•ditn:t !t-d :-:-Pp!t'H1-

~-r ld. i'.,f~-". :1udP :t\';\d:1hit'. f1,r ,\"i11::u~ \"q\T•t:;l,f'f 7. l.if•-"· 
F>··,··k. i>. F ...:haL.~:,i<•. t t .I ~ w:·~1 'he \Vt, ..... "i!"Jh, ,n:-.c 

i. ·:-,rat1,.,;1c .. ,;,.•d 1'd( lh!'L P:·; 
, ;n. Jr., 

, :·•~ri~-tn1r~ ! · 'L 

I~ ., th,,ordw:d ,11;,l·, "f ti"' J,~h1n11,a,; ..tr,1k,· l j ;t " 

,'l\tdHI t L:d. PI t fH· v:, ;nity i -,( r i1e· _-.:.t rcJ,,. \ f'a.rt h l!'rlntL·· 

j 1otpnfi:d _:.!T:1dit)td., dt ·Y,·!t1p \i. hwh !1:dnr:.dh· r·,,lhqr~r' 

~trok<· t'nf;LH·t :.-.: rn:tdP .\ IJt,!d !!\\'P."<tq,,:;ition lJ!:1lt>rl:t~~' (r 

,l,-.t~•nn1t1{' \\bt·tlwr or ;:,it !ht~ ;...; tnH' ..:n-on d;:--cln_ .... {'11 th:it v 

liigh-\·nlt:il.(P j.'.r:,d,t>t•t.-- do .,,•,·ttr '2l. F>n1r i-(ra.!wnL~ ni :200 k\' 
:rnd ni»r<' AH·,, re.-.. rd,c;l w1du11 1·>0 200 1,.,,t, «f dw -! n,k,0 

:i.i1,u,. The ;1!itpo . .:.ti q( tlu• 11,qk•f :~ to r1•port field nh~r.~:tti 
wh1..!1 h:1 ·d· '""'it r1,:,,!,, and to dPv,·l,,p :1 rnath1·1.,;iti, ·al n•br:na 

r'.--iltt::tt, ♦• the f~,·ld l.!,radit•nt,c,,;, ·'"' '.\ (\:in'1 :1;!! qf d1 . ...:t;HWt~ t'p}i/i t 

t<ar!;,·T '.llVt'•..;.til!:a{i(,'.L' (,'/ rhi· r!,·crr:t· fit•!.,(.;, h~:..V!'' f;:T;; ,•,}!;(i. ' f 

';n!i('li':dh. \\":th f:Hr \VP:idwr tit'·-ld.~. li,··!d." :!t 1t1•• ,'.in:d-
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